ABSTRACT.--We investigated fat deposition in transient, nocturnal, long-distance migrants at a wooded stopover site that is not near an ecological barrier (e.g. desert, large water body). The changes in body mass of recaptured birds have traditionally been used as a measure of mass gains at stopover sites. This technique ignores the majority of transients, however, possibly hindering the ability to answer species-level questions regarding stopover mass gain. We compare an analysis of recaptures with a technique that considers all captures and their condition by time of day. Eleven woodland-associated migrant species were analyzed, as well as a resident species (Black-capped Chickadee, Parus atricapillus) for comparison. Based on recapture data alone, our study site appears to be primarily a location of mass loss, rather than one of fat deposition. Conversely, the examination of condition by time of day suggests that individuals of several species have net daily gains greatly exceeding those of recaptured individuals. During autumn, however, several species exhibited net daily losses. Although some of these losses may be related to molt, it seems unlikely that molt is the only contributing factor. Differences among species in mass gains at our site suggest that various fat-deposition patterns (and, thus, migration strategies) may occur among migrants that are not approaching ecological barriers. 
In this paper we investigate whether an inland stopover site that is not near an ecological barrier is used for fat deposition by 11 common and provide only a single data point, mass changes among those individuals that are recaptured have been the usual means of addressing this topic. We question the rather exclusive use of this traditional approach, asking whether the recaptured minority should be considered an adequate representation of a species? Results from our site for Swainson's Thrushes (Catharus ustulatus) and Northern Waterthrushes (Seiurus noveboracensis; Winker et al. 1992a ) suggested that conclusions reached from recapture analyses could be misleading. The number of individuals remaining at a stopover site for one night or more may be a poor indicator of how a site is used by transients. Also, the mass changes of recaptures may not be indicative of the entire transient population (Winker et al. 1992a ). Furthermore, for migrant species with resident breeding populations there is the problem of being unable to effectively separate local breeders from transients (in autumn this is particularly difficult). Analyses of recaptures in lo~ cally breeding species probably will be biased toward resident individuals. Finally, young (inexperienced) birds and birds in molt may have a greater probability of recapture, and birds that remain at a site often are leaner at first capture than 
METHODS
Our study site was located in Washington County, Minnesota, in the St. Croix River Valley (44ø55'00"N, 92ø47'30•W) approximately 2 km from the river. The region consisted of a mosaic of suburban-residential, agricultural, and wooded tracts, and was not near an ecological barrier (e.g. desert, mountains, large body of water). Birds were captured in mist nets placed in five relatively discrete wooded habitat types that represented the native woodlands in the area. Netting occurred during the peaks of spring and autumn migration in 1984 through 1986. Sample effort totalled over 71,000 net-h in three spring and 65,000 net-h in three autumn seasons. Sample periods for all years spanned Julian days 118-149 (spring), and 222-268 (autumn). In nonleap years, 15 May = day 135, and 1 September = day 244. Captured birds were birds removed from the point of capture to a central location for banding (transport distance of 130-820 m). The species used in these analyses are among the most common migrants at this site (Winker et al. 1992b • Mean number of days present for all recaptured individuals.
• Mean change in mass per day of all recaptured birds over entire capture history. Individuals recaptured more than once can be represented more than once in these calculations.
ß P-value of Wilcoxon rank-sum test comparing condition at first capture of recaptured individuals versus nonrecaptured individuals. For P < 0.05, we accept that there is a significant difference in condition at first capture between the two groups. Significant cases showed recaptured birds to be leaner except in Chestnut-sided Warbler in autumn, which showed the opposite.
a Migrant with resident breeding population. Individuals recaptured between years or between seasons (most likely local breeders) were eliminated from these calculations.
• Resident species included for comparison. Only recaptures spanning seven days or less are considered here.
• Vermivora ruficapilla. Recaptured individuals are examined from the perspective of stopover duration and mass change between captures. Stopover duration is a minimum estimate, made by subtracting date of first capture from date of last capture (after Cherry 1982). In examining nocturnal migrants, adding one day to stopover duration is probably not unreasonable, but mass change must be considered in light of the minimum estimate. We did not examine mass change in same-day recaptures or adjust the mass of recaptured individuals to a particular hour of day (see Cherry 1982) . Capture and handling are stressful and can affect mass change (Rogers and Odum 1966, Nisbet and Medway 1972). Mass change in captured birds may not reflect mass changes in free-flying birds.
RESULTS AND DISCUSSION
As with most studies of migrants at stopover sites, only a minority of birds captured were ever recaptured (among species, 0-14% in spring, and 2-21% in autumn; see Tables 1 and 2 ). The average time spent at our site by recaptured individuals varied among species, but did not seem to be correlated with average mass change ( Table 1) . Four of 8 migrant species with spring recaptures showed an average mass loss among In autumn, Chestnut-sided Warblers that were recaptured showed a higher condition index at first capture than nonrecaptured individuals (Table 1) . This is an unusual occurrence at a stopover site, but might be predicted given that the species appears to lose mass at our site in this season (Table 3) Although the average mass lost among recaptured birds tended to be low (-0.02 to -0.3 g/day), the largely negative values seem to indicate that our site was not used for fat deposition by the most common migrants occurring there on stopover.
Condition and time of day.--The majority of individuals encountered in a study of migration will contribute a single data point of interest in a study of this nature--body mass (or condition) at time t. Linear regression of body condition ([mass/wing 3] x 10,000) on time of day revealed specific differences in diurnal mass gains. Some species showed significant positive slopes in one or both seasons, while others did not ( (Fig. 1) . Due to high variation in individual condition, small sample sizes are not likely to reveal significant slopes unless, perhaps, the species is exhibiting strong temporal trends. Spring regressions that do not show significant positive slopes (7 of 11; Table 2) may suffer from small sample sizes. Clearly, this is not the only factor in regressions showing a lack of significance, however, given that autumn regressions with much larger sample sizes can also lack significance. Also, 30 spring Chestnut-sided Warblers showed a strong significant positive slope, whereas five species with more than twice as many captures in spring did not show significant trends (Table 2) On average, however, in species with large sample sizes it is virtually certain that few if any individuals are depositing fat, and it is questionable whether (again, on average) they are even maintaining (not losing) body mass. Since no significant negative slopes were found, there may be large differences among individuals in species showing no significant diurnal condition changes, with some gaining and others losing mass. A species-level approach may fail here, because it ignores differences between groups of birds (e.g. different breeding and wintering origins, age and sex structure, etc.).
1988). Typical regressions are shown for the Least Flycatcher and Red-eyed Vireo in autumn
Resident species for comparison.--Including the Black-capped Chickadee in these analyses provides two valuable insights. First, mass loss in recaptured birds is not unique to migrants (Table 1). This suggests that factors not related to migration may be as important to individual mass changes as "getting properly established" at a new stopover site, which has been postulated as a reason for initial mass loss in recaptured migrants (see Alerstam 1991:287). In this resident species, these factors could be the stress related to capture and handling, molt costs, or food competition from migrants. Second, the Black-capped Chickadee provides a means of evaluating our regression technique on a species that is living in a favorable environment (i.e. an area where they can remain without starving). Although the spring regression did not reveal the positive slope that we assume is present in the overall population (our sample size was not large enough), the autumn analysis revealed diel gains of 0.0 to 2.8% of mean body mass (Table 3) . Since chickadees did not appear to be depositing fat at our site (unpubl. data), we expected net daily gains of zero in this species. The positive diel gains suggested by our analysis are dependent on the mean fat-free mass of the species. Our estimate of this value for this species is likely to be low (see Methods), which has the effect of increasing net daily gain (Tables 3 and  4) , molt could only be a large contributing factor in the mass losses observed if its effects are markedly different between species. This possibility should not be ignored (see Winker et al. 1992a ). Mass loss might occur with more prevalence among species with resident breeding populations because of the preponderance of young birds, many of which may be only recently independent. Due to the possibility of interspecific variation in immature survival, the importance of this factor in specieswide mass changes at stopover sites might be determined through a study of intraspecific variation in mass gain and population structure along a latitudinal gradient. Finally, the mass losses described here may be due to competition for resources at a time when numbers of birds are very high (see Winker et al. 1992b ). These net daily mass losses suggest that a site suitable for breeding is not suitable for premigratory fattening in at least two species. This is concordant with the observation that individuals of some species leave their breeding areas long before migration (Rappole and Ballard 1987).
Energetic considerations.--When individuals migrate at night they do not "pay" the resting cost of nocturnal metabolism. Thus, the diurnal gain (excluding nonfat components) can be used to fuel flight. In this respect, a night spent on stopover is a waste of energy that might be used in migration. However, choosing to migrate rather than remain grounded dictates a higher metabolic cost, and individual movements should reflect this choice. Thus, it is not uncommon for recaptured migrants to be leaner at initial capture than birds that are not recaptured (birds that probably have continued to migrate). The Least Flycatcher at our site represents this typical case; birds remaining at the site for more than one night showed a lower condition index than birds that were never recaptured. However, when a stopover site is not suitable for fat replenishment, individuals attempting to accumulate fat should leave (not be recaptured), while those with greater reserves might be under less pressure to do so. Conclusions.--Given physical constraints and distances between wintering and breeding grounds, wooded areas probably play an important role in providing transient, woodlandassociated migrants with the food they need for fat deposition and continued migration. Thus, it might be assumed that a locality or habitat is important as a fattening site when a species occurs commonly there during migration. Our analyses suggest that this assumption may be invalid. The manner in which our site was used on stopover appears to vary widely among the most common migrant species occurring there. The energetic constraints of molt probably contributed to some of the specific differences observed, but food availability (although not addressed in our study) probably also played a role. In addition, the rates of movement that different species (or sexes, or populations) maintain in migration, and the different distances that they must travel, probably affect fat deposition. From our strictly local perspective, we conclude that patterns of fat deposition vary among woodland-associated, long-distance migrants both geographically and seasonally.
"Woodland-associated" migrants, therefore, constitute a heterogeneous group. Lureping them together obscures the fact that a stopover site can be used in different ways by the most common species occurring there. For some species our site is a molting ground, for others an area of fat deposition, and for still others probably just a locality that must be endured until nightfall. Even a broad array of woodlands does not appear to provide all of the common species occurring there with the resources needed for fat deposition. Wider geographic studies of this nature might illuminate the fat-deposition strategies of species like the Red-eyed Vireo and Nashville Warbler, which were common at our site, but do not appear to be depositing fat while there.
